Rationale, aims and objectives: Knowledge is the basis and mediator of medical care. Health information technology (HIT) can help in improving care only if physicians faithfully apply their knowledge during its use. A measure of judicious HIT use has recently been proposed. Behavioural research and the oft-cited technology acceptance model suggest that beliefs/perceptions may also represent decision factors. This paper proposes a perception scale and an alternative measure of judicious HIT use. Methods: Statistical analyses were performed on a subset of survey data collected for developing an eHealth success model. This paper focuses on deriving a structural equation model that can explain the associations among intent to use HIT, professional concerns and perceptions about the impacts of HIT on care benefits.
Introduction
The potential benefits of eHealth technologies in improving healthcare are frequently promoted by policymakers and techno-enthusiasts [1] . The US and European experience suggests that health information technology (HIT) has not yet been sufficiently adopted for routine medical practice [2, 3] . This situation suggests that applying HIT to healthcare may not be as beneficial as certain policymakers and techno-enthusiasts claim (see [1] ). However, HIT implementations are underway globally [1] . It appears that the application of scientific evidence to clinical practice has extended to virtually every area of medicine [4] , but not in eHealth policymaking. There is a pressing need for developing a measure of HIT use from a medical decision-making perspective.
In theory, one endeavour of medical informatics is to help in clinical reasoning (medical decision-making) based on a firm foundation of rationality [5] . Rationality, in economics, is referred to as 'a chosen action [not only] the best possible given the decision-maker's knowledge, but also that the knowledge employed be derived from coherent inferences' [6] . A desirable eHealth outcome is crucially reliant on being able to induce physicians faithfully to apply their knowledge during the use process. Based on a similar argument, Tsang [7] formulated a judicious HIT use measure. The model poses that professional concerns influence intent to use HIT [7] . The statistical results preliminarily support this theory [7] . It appears that the theory is worthy of further development.
Applying HIT for consultation implies adding extra procedure into the patient care process. A robust measure of HIT use cannot be detached from the contexts of medical practice [7] . Here, 'clinical reasoning' is of fundamental importance and encompasses the gamut of thinking about clinical medical practice' [5] . Knowledge, in the form of skilled care, is the basis and mediator of medical care [8] . The production of clinical knowledge is influenced by the physician-patient relationship [5] . The relationship involves agency, knowledge, trust and professionalism [8] . Medical decision-making is not simply something undertaken by a physician, perhaps aided by a computer [5] and neither can physician performance be reliably evaluated and monitored based on direct observations [9] . Certainly, 'the patient cannot check to see if the actions of [the] physician are as diligent as they could be' [9] , due to the complexity of medical knowledge [8] . Also, the relationship between outcome and effort is to some extent random [9] . Ethical indoctrination has a crucial role in regulating physician behaviour [8, 9] . It appears that eHealth success is more likely to be achieved through internalising professionalism into the process of HIT use. Tsang's [7] judicious HIT use model has been constructed in accordance with this line of thinking. However, the model does not address the cognitive aspect of medical decision-making.
The technology acceptance model (TAM) [10] suggests that user attitudes are affected by beliefs (perceived usefulness and ease of use) and are predictors of the behaviours of IT use (TAM is a dominant referent theoretical framework in IT acceptance [11] ). Behavioural research suggests that choices are determined by attitudes and perceptions [12] . Note that physicians are expected to align their interests with the ill person and be free of any self-serving motivation [4] . Physicians' perceptions about the impacts of HIT on care benefits may crucially influence their HIT use decisions. This paper, therefore, focuses on developing a scale of perceived net (care) benefits. It will then be introduced into Tsang's [7] judicious HIT use model to form an alternative HIT use measure.
Methodology Design
The data are a subset of survey data collected for developing a 7-dimensional eHealth success measure. Survey research is one of the most common methods for evaluating information system impacts [13] . A questionnaire is its primary data collection method [13] . A literature review of a sample of papers was conducted to collect the stylised facts. Table 1 summarises the stylised facts that define the perceived net benefits (PNB) constructs. The intent to use HIT for consultation (Intent2Use) and physician attributes (PhyAttr) constructs are adapted from Tsang [7] . A survey instrument was developed by: (1) combining the scales from some standard measures with established reliability and validity (see [14] ) and (2) developing items based on the stylised facts of the relevant literature (see [15] ). The second technique was used only when no appropriate measure could be identified [16] . Further details about the operationalisation are available on request.
The survey instrument was drafted in English and translated into Spanish. Appendix I presents the 37 Discarding responses where only a few questions were answered is a recommended approach [22] . So, statistical analyses were performed on the 207 responses where the 37 items were completed.
Statistical analysis
The statistical analyses were performed by a freeware R version 2.15.0 [23] and largely by two packages: psych version 1.1.12 [24] and lavaan version 0.4-13 [25] . Imputation was performed by mice version 1.0 [26] The analysis process included testing the data structure, imputation, dimension reduction and structural equation modelling.
First, the Mardia test result suggests that the multivariate normality assumption was violated (with p=0 for skew and kurtosis).
Second, the missing data rate is 2.56% (196 item nonresponses). It is within the 5% limit for applying listwise deletion [27] . However, applying listwise deletion implies discarding 46 unit responses. Predictive mean matching (PMM) imputation was applied to fill in the missing values once. The inferences of PMM tend to be robust to minor departures from the multivariate normality assumption [28] .
Third, principal factor analysis was performed on each construct to reduce the data dimensions. Varimax rotation was also performed. Numbers of subfactors to exact were determined by parallel analyses (see [29] ). Any item loaded insignificantly (with magnitude smaller than 0.40) or significantly on more than one subfactor was dropped iteratively [30] . A subfactor would be discarded if its explained variance was smaller than 0.10 [31] , its eigenvalue was smaller than 1 [32] or it had only 1 significant indicator [29, 33] .
Fourth, the validated subfactors were submitted to perform Cronbach's [34] alpha (α) reliability tests. Items might be eliminated iteratively to obtain 0.60 α level -the minimum acceptable level for research in an exploratory mode [35] . Items with low corrected item-total correlations (<0.40) would also be eliminated [36] .
Fifth, structural equation modelling (SEM) technique was then applied if the minimum indicator-response ratio A system should facilitate bringing medical expert judgement and computer knowledgebase together [20] . Wider patient choices
• Decision-making can be defined as "the capacity to formulate alternatives, estimate effects and make choices" [21] . † The literature search was done based on the eHealth experience of European Union and the US. This summary is not meant to be an exhaustive literature review.
‡ See Table 1 in [7] for the summary of the physician attributes and intent to HIT for consultation constructs.
(1:5) for reliable estimations could be fulfilled [37] . For a sample of size equal to or greater than 200, Satorra-Bentler (SB) scaled statistics [38] appears to be a good general approach to adjust both the unreliable standard errors and fit indices due to non-normality [39] . An iterative process was applied to eliminate paths with insignificant z values at p<0.05 [32] or low multiple R 2 (<0.20) [40] . The model might be improved based on the modification indices if the SB χ 2 was significant at p<0.05. This approach is contested by some researchers, but often a necessary procedure [41] . This SEM process would also be performed to re-examine Tsang's [7] model. Scaled χ 2 difference test would be performed to see whether the 2 models were significantly different or not.
Results

Physician characteristics
The gender ratio (M:F) is 54.6:39.6. Only 5.31% of the respondents were at a senior management level. The results are likely to reflect the opinions of HIT users (practicing physicians), rather than that of the senior management.
Approximately 84.5% of the respondents claimed using HIT frequently or for almost all consultations. The polyserial correlation tests show that frequency of HIT use positively and significantly associated with itU6 at p<0.002 and the other 6 itU items at least at p<0.001. Approximately 76.8% of the respondents indicated moderate to strong agreement to itU2, 51.7% to itU3, 68.6% to itU4, 86.5% to itU5 and 97.1% to itU6. That is, the vast majority of respondants showed willingness to use the Internet to search for information (itU6) and to use HIT to: (1) store and retrieve medical records (itU2), (2) collaborate with their colleagues (itU4) and (3) retrieve laboratory results (itU5). They appeared less ready to use HIT to assist clinical decision-making (itU3). In fact, the responses itU3 and itU4 suggest that they were least adaptive predisposition to technologies that aim at processing tacit knowledge.
Data reduction
The exploratory factor analyses recommended extracting 1 Intent2Use subfactor, 4 PhyAttr subfactors and 2 PNB subfactors. The Cronbach [34] . Items pa13, ben7 and pa6 were eliminated iteratively to improve the model based on the modification indices (MIs) (pa13 ← Pat.Rel, MI=20.47; pa4 ↔ ben7, MI=19.51; pa6 ← itU, MI=16.33). Eliminating paths with large MIs was the chosen approach, as this makes the interpretability of the subfactors cleaner (interpretability is important for determining factor structure [29] ). Model 1 demonstrated convergent validity, as all the z values were significant at least at p<0.05 [42] . Discriminant validity was also demonstrated, as no correlation estimate was greater than | 1 | after substracting (or adding) 1.96* standard error [43] . Thus, Model 1 fulfilled the minimum requirements to establish construct validity [32] Scaling correction factor (SCF) is 1.066 suggesting that the maximum likelihood (ML) χ 2 is overstated approximately by 6.6%. lavaan does not report AGFI (adjusted goodnessof-fit index) and GFI (goodness-of-fit index) (recent studies suggest that AGFI and GFI may not be applied to assess model fit [40] ). However, it provides sufficient indices for making judgements based on double fit criteria [44] . CFI (comparative fit index) and TLI (Tucker-Lewis index) surpass the 0.90 recommended threshold for a good fit [29] . RMSEA (root mean square error of approximation) smaller than 0.05 may indicate 'very good' fit [45] . SRMR (standardised root mean residual) is smaller than 0.08 (the recommended threshold) [44] . All the double fit criteria are fulfilled [44] . It appears that the data fit Model 1 extremely well.
Model 2 (with a comparison with Model 1)
SB χ 2 was initially shown to be significant at p<0.05. However, it became insignificant (p=0.063) after eliminating pa13 (pa13 ← Pat.Rel with MI=17.651). The path statistics of the validated Model 2 are depicted in Figure 2 (detailed statistics are available on request). The results suggest that the 4 PhyAttr subfactors associate with each other significantly at least at p<0.01, perhaps mostly at p<0.001. Altruism is the sole significant determinant of itU (with p<0.001). These paths appear to be more significant than those in Model 1. The data also seem to fit this model extremely well (CFI=0.97; TLI=0.967; RMSEA=0.033; SRMR=0.06). The scaled χ 2 difference test shows that Model 2 is not significantly different from Model 1 (see Table 3 ).
Discussion
This paper introduces perceptions about the impacts of HIT on care benefits (Model 1) into Tsang's [7] judicious HIT use model (Model 2). Statistical analyses were performed on a subset of survey data. The 4 physician attributes (PhyAttr) and the 2 perceived net benefits (PNB) subfactors are shown to be associated with each other at least at p<0.05 (except Efficacy does not seem to associate with Pat.Rel). Only Altruism and Efficacy show to be significant determinants of itU at p<0.01 and p<0.05 respectively. Altruism is not only evidenced by Altruism being a significant determinant of itU, but also physicians' concerns about efficiency and efficacy of medical care.
The result of the scaled χ 2 difference test shows that Model 1 is not significantly different from Model 2. However, if deriving a parsimonious model is a goal, then Model 2 seems to be a better choice, as its AIC (Akaike Information Criterion) is smaller [40] . Note that a model with more d.f.'s (degrees of freedom) generally offers more dimensions to disconfirm it [33] . Model 1 appears to be the preferred model. This aspect may be examined in further research.
Ethics is an important, but yet not a mainstream IS research area [46] . Professionalism has been considered to be crucial to implementing desirable care outcomes [8, 9, 47] . Developing a quantifiable theory of judicious HIT use for consultation is certainly an important topic. However, a PubMed search suggests that Tsang's work [7] is probably the first attempt. So, the statistical results can only be compared with that of Tsang's work [7] . The results also seem to be consistent with theories originated from different disciplines. The model shows to be reliable. It therefore appears worthy of further development.
In future research, technological factors may be introduced into the discussion. The approach may be applied to modelling other medical decisions. Further tests may be conducted to examine the application of the perceived net benefits scale to exacting physicians' attitudes towards other decision problems.
Conclusion
Medicine has been a science-using and compassionate practice [4, [48] [49] [50] . Literally, physician performance may only be reliably evaluated from a sociotechnical perspective. This paper applies this principle to model a specific medical decision problem -HIT use. It proposes introducing a scale of perceptions about the impacts of HIT on care benefits into a model of judicious HIT use [7] . The statistical results suggest that professional concerns and perceptions influence intent to use HIT directly or indirectly to different extents. This implies that quantity of HIT use is not a comprehensive measure of HIT use.
The statistical results support the idea that physician performance cannot be reliably evaluated and monitored purely based on direct observations [9] . Perhaps, more research efforts may be put forth into developing schemes that remunerate physicians based on intrinsic-extrinsic incentives (see [51, 52] , for example). This research direction may contribute to policymaking for coalescing evidence-based medical practice with humanism to care for patients as whole persons as part of the development of person-centered medicine [4, [48] [49] [50] . It may also contribute to building a trusting relationship between healthcare managers and physicians through a better understanding of medical practice.
